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Abstract. We present the results of our monitoring of comet 81P/Wild 2, the target of the S mission. Broad-band filter
images and medium resolution spectra of this comet obtained along its pre- and postperihelion orbit between 1996 and 1998
were analysed in terms of coma morphology and activity. The morphological coma investigation revealed the presence of long-
lasting fan structures, which remained essentially unchanged for at least three months. The (B − V) and (V − R) colour indices
were determined at three different positions along the orbit. The two-dimensional analysis showed a uniform colour over the
entire coma. Hence, the material composing the structures is not different from that of the underlying coma. The distribution
of coma brightness as a function of projected distance from the nucleus shows no peculiarities. The evolution of the comet’s
activity during the pre- and postperihelion phase appears to be asymmetric in that activity increases faster preperihelion than
it decreases postperihelion. The production rates (or their upper limits in the case on a non-detection) of CN, C2, C3, and NH2
were determined from the spectrophotometric observations and compared to other values published in the literature.
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1. Introduction
The perihelion passage of Comet 81P/Wild 2 on May 6,
1997 was the last one before the comet is visited by NASA’s
S space probe in January 2004. During a post-
perihelion fly-by at rh = 1.86 AU, S will obtain coma
and nucleus images, monitor the cometary dust flux and anal-
yse the composition of these particles in-situ, and collect coma
material on a special capture medium (aerogel) for return to
Earth (Brownlee et al. 1994). In order to guarantee a success-
ful data and sample acquisition while minimizing the hazards
to the spacecraft, some basic parameters of the target comet,
particularly its coma, should be known before the encounter.
The extensive characterization of a space mission target by
remote-sensing techniques is, however, also essential for the
advance of cometary science in general. To optimize the return
of the S mission the results of the laboratory analysis
of the returned sample and of the in-situ measurements (both
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 based on observations obtained at ESO La Silla within ESO pro-
grammes No. 57.F-0290, 58.F-0413, 58.F-0431 and 60.F-0266.
obtained at a certain part of the orbit of comet 81P/Wild 2)
should be put into the larger framework of the evolution of the
comet along its orbit and its behaviour during other apparitions.
Comet 81P/Wild 2 was recently deflected from a region in the
outer Solar System between Jupiter and Uranus into its present
Jupiter-family type orbit when it had a very close approach to
Jupiter in 1974 (Marsden 1978). It is therefore generally re-
garded as a relatively fresh comet. From the observed depletion
of the C2 production rate (as compared to CN) at rh = 2.33 AU,
81P/Wild 2 (like other C2-depleted Jupiter-family comets) is
suspected to originate from the Kuiper Belt rather than the Oort
Cloud (A’Hearn et al. 1995). In this paper, we present the re-
sults of our pre- and postperihelion monitoring of the coma
activity and morphology of comet 81P/Wild 2 during its last
apparition and their relevance for the S encounter.
2. Observations and basic data reduction
Comet 81P/Wild 2 was observed from the European Southern
Observatory, La Silla, Chile, at four different positions along
its orbit. Altogether 16 broad-band filter images and 2 long-slit
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Table 1. Observations of comet 81P/Wild 2, the comet passed through its perihelion on May 6, 1997, 15:04 UT.
Date UT Telescope Instrument Filter Band τexp Airmass ∆ rh PAsun Phase
Grism s AU AU
1996
Sep 10a) 09:34 ESO 2.2m EFOSC2 F.# 585 R 600 2.109 2.858 2.649 93.◦2 20.◦6
Sep 11 09:41 ESO 2.2m EFOSC2 F.# 585 R 600 1.994 2.840 2.644 93.◦4 20.◦8
Dec 11 06:15 ESO 2.2m EFOSC2 F.# 585 R 300 1.566 1.289 2.108 106.◦2 19.◦1
Dec 11 06:24 ESO 2.2m EFOSC2 F.# 584 V 300 1.536 1.288 2.108 106.◦2 19.◦1
1997
Apr 02 01:10 Dan 1.5m DFOSC F.# 452 R 180 1.646 0.992 1.620 283.◦5 35.◦7
Apr 02 01:26 Dan 1.5m DFOSC F.# 452 R 180 1.687 0.992 1.620 283.◦5 35.◦7
Apr 02 01:32 Dan 1.5m DFOSC F.# 451 V 360 1.714 0.992 1.620 283.◦5 35.◦7
Apr 02 01:44 Dan 1.5m DFOSC F.# 450 B 800 1.772 0.992 1.620 283.◦5 35.◦7
Apr 02 02:01 Dan 1.5m DFOSC F.# 452 R 180 1.828 0.992 1.620 283.◦5 35.◦7
Apr 03 01:08 Dan 1.5m DFOSC F.# 452 R 180 1.645 0.997 1.618 283.◦6 35.◦9
Apr 03 01:33 Dan 1.5m DFOSC Gr. # 4 n/a 900 1.739 0.997 1.618 283.◦6 35.◦9
Apr 03b) 02:20 Dan 1.5m DFOSC F.# 452 R 180 1.960 0.997 1.618 283.◦6 36.◦0
Apr 03b) 02:25 Dan 1.5m DFOSC F.# 451 V 180 1.996 0.997 1.618 283.◦6 36.◦0
Apr 03b) 02:30 Dan 1.5m DFOSC F.# 450 B 180 2.039 0.997 1.618 283.◦6 36.◦0
1998
Mar 31 09:20 ESO 3.6m EFOSC2 F.# 642 R 120 1.561 3.517 3.162 75.◦4 16.◦1
Mar 31 09:26 ESO 3.6m EFOSC2 F.# 641 V 300 1.513 3.517 3.162 75.◦4 16.◦1
Mar 31 09:34 ESO 3.6m EFOSC2 F.# 639 B 300 1.460 3.517 3.162 75.◦4 16.◦1
Mar 31 09:42 ESO 3.6m EFOSC2 Gr. # 1 n/a 1200 1.378 3.517 3.162 75.◦4 16.◦1
a) Background star at nucleus position.
b) Background galaxy close to comet position.
low-resolution spectra were obtained between September 1996
and March 1998 (Table 1). The spectra cover the wavelength
range 3400 Å with a resolution of 25 Å. A coarse description
of the used broad-band filters is given in Table 2. For the pre-
cise specifications we refer to the ESO Image Quality Filters
Catalogue. The specifics on the instruments may be obtained
from the appropriate manuals (Melnick & Mendez de Oliveira,
1995 for the EFOSC2 at the ESO/MPG 2.2 m telescope; Patat,
1999 for the EFOSC2 at the ESO 3.6 m telescope and Brewer
& Storm, 2001 for the DFOSC instrument at the Danish 1.54 m
telescope). All observations were carried out under photomet-
ric conditions.
All reduction processes were done with the aid of ESO’s
M I D A S, MIDAS (1998). We per-
formed bias subtraction and flatfielding on all frames. To fa-
cilitate a calibration of the broad-band images, appropriate
fields from the list of Landolt (1992) were observed at differ-
ent airmasses each night. Reduction procedures of the ESO-
MIDAS context “long” were applied to the spectrum frames,
where the wavelength calibration of the spectra was done
via HeAr- (EFOSC2) and HeNe-arc frames (DFOSC), respec-
tively. Because of the long slit of the EFOSC2 (5′) as well as the
DFOSC (13.′7) instruments the sky contamination in the spec-
tra could be determined from the spectrum frames themselves.
The extinction correction was performed assuming the standard
atmospheric conditions described by Tüg (1977). For the flux
calibration observations of the spectrophotometric standards




The coma images were searched for the presence of distinct
features. Such features correspond to local variations of the
gradient in the two-dimensional intensity profile representing
the undisturbed coma (cf. Schulz 1991). As these variations
usually amount only a few percent of the whole dynamical
range of the image, they only become visible after the smooth
general intensity profile on which they are superimposed has
been removed. This can be done by empirically fitting a smooth
two-dimensional profile to the observed coma isophotes which
is then subtracted from the orginal image. This technique
effectively removes the underlying coma profile, hence en-
hances superimposed structures. The coma isophotes of comet
81P/Wild 2 were best represented by ellipses. Hence we ap-
plied an ellipse fitting scheme from the MIDAS context “surf-
phot” to the images, which is based on formulas published by
Bender & Möllenhoff (1987). Figures 1–3 show the observed
coma images their ellipsoidal fits and the residuals remain-
ing after subtracting the ellipsoidal fits from the real comae.
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Table 2. Specification of filters (effective wavelength, λeff , and band width, FWHM) and grisms (blaze wavelength, λblaze and covered wave-
length range.
Filter# Band λeff FWHM
nm nm
450 B 433.57 102.29
451 V 544.80 116.31
452 R 648.87 164.70
584 V 547.60 113.20
585 R 643.10 165.40
639 B 440.00 94.50
641 V 547.60 113.20
642 R 643.10 165.40
Grism# λblaze Range
nm nm nm
4 580 350 . . . 700
1 450 319 . . . 1094
Table 3. Scalelength, κ, position angle, PA and width of the features
detected in the broad-band images of 81P/Wild 2, together with the
projected tail-direction, Tail, in parenthesis.
Date Fan κ PA Width
104 km
11.09.1996 I 5 ± 2 189◦ 90◦
Tail (273◦)
II 8 ± 3 358◦ 90◦
11.12.1996 I 5 ± 2 190◦ 100◦
II 12 ± 2 283◦ 15◦
Tail (286◦)
III 2.1 ± 0.1 390◦ . . . 340◦ 80◦
02.04.1997 I 5.2 ± 0.4 10◦ . . . 65◦ 40◦
II 5.3 ± 0.3 105◦ 30◦
Tail (104◦)
III 3.6 ± 0.3 240◦ . . . 280◦ 70◦
01.03.1998 n/a n/a n/a n/a
Tail (255◦)
Several distinct features can clearly be identified. The struc-
turally enhanced images of December 11, 1996, are dominated
by a strong fan (i.e. >20% above the general brightness) which
lies almost perpendicular to the sun-tail direction. The fan ap-
pears to be present already on September 11, 1996, although
the signal-to-noise ratio of this observation is only poor. In
April 1997 three features can clearly be identified in all frames.
Their brightness is, however, much lower than that of the fan
of December 1996. It lies only about 5% above the general
coma brightness. Some basic properties of the detected fans
are given in Table 3. The parameters listed here result from
Gaussian fits to azimutal cuts through the respective fan at sev-
eral nucleus distances. The numbering was arbitrarily chosen
to coinside with the increasing position angle. The parameter κ
is the scale-length of the feature computed from a ln Flux vs.
ρ fit, whereby Flux represents the fitted Gaussian’s central flux
value and ρ stands for the nucleus distance. The listed posi-
tion angle, PA, gives the center position of the Gaussian fit to
the azimutal profile. The given width represents the computed
FWHM. Whenever a range of position angles is listed, it gives
the values covered between nucleus distances of 10 000 km to
about 100 000 km. The calculated position angle of the anti-
solar direction (Tail) is given in parenthesis. The exact values
of the parameters presented in Table 3 are, of course, highly
dependent on the applied enhancement technique. It is obvious,
however, that all three features visible in April 1997 are already
discernible (at similar positions with respect to the tail direc-
tion) in December 1996. However, at that time the brightness of
the strongest feature is much higher than that of the other two.
We suspect that the feature pointing into the projected tail di-
rection represents the already developed dust tail, whereas the
other two features seen in comet 81P/Wild 2 are long-lasting
coma fans as first defined by Sekanina (1987) & further mod-
elled by Sekanina & Boehnhardt (1997). The March 1998 ob-
servations show no evidence of distinct coma features. (The
bright spot in the residual images of March 1998 is a back-
ground object.)
3.2. Coma profiles
For the analysis of the overall coma, one-dimensional profiles
were obtained from the photometrically calibrated images. This
is usually done by azimuthal averaging around the optocenter,
which assumes the coma to be spherical symmetric. With the
azimuthally averaged profiles the applicability of the fountain
model to this comet may be investigated. For an ideal fountain
model the coma brightness should vary with µ ∼ 1/ρ. In the
double logarithmic representation the radial (azimuthally av-
eraged) coma profiles should therefore be straight lines with a
slope of m = −1. Jewitt and Meech (1987) showed that the lim-
iting case of a steady-state coma profile distorted by solar radi-
ation pressure is represented by a slope of m = −1.5. Figure 4
shows the coma profiles derived for comet 81P/Wild 2 together
with the straight lines fitted to them. Each profile can reason-
ably well be represented by a straight line. The flattening of
some profiles in the innermost coma (ρ ≤ 2500 km) is artificial,
because the profiles are oversampled here owing to the fact that
the pixel size was significantly smaller than the seeing disk of
typically 1′′. In the outer coma (typically above ρ = 20 000 km)
the low signal-to-noise leads to a large uncertainty in the deter-
mination of the sky background, which most probably causes
the deviations of the profiles from straight lines in this region.
Profiles obtained in different filters on the same date show sim-
ilar slopes (see Table 4). There appears to be a trend towards
flatter profiles with decreasing heliocentric distance which may
be explained by the increasing fraction of gaseous emissions
(CN, C2 and C3) in the broad-band filters. On September 11,
1996, the coma profile exhibits an unusually high slope, which
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Fig. 1. Subtraction of an elliptical isophote fit from the broad-band R images. Upper panel: original image, middle panel: ellipse fit, lower panel:
residual flux after subtraction of middle from upper panel image. The upper and middle panel gray scales are identical, whereas the lower panel
is scaled to show deviations >20% for the 11.12.1996 and >5% for the other two dates. The arrows in the middle panel show the direction
towards the sun.
Fig. 2. Same as Fig. 1 for broad-band V .
R. Schulz et al.: 81P/Wild 2 349
Fig. 3. Same as Fig. 1 for broad-band B.
cannot be explained by radiation pressure effects. However, we
caution that this observation had to be taken in morning twi-
light at an airmass of about 2. The slopes of all other profiles are
>−1.5, hence within the limits for a steady-state coma distorted
by solar radiation pressure. The values of December 1996 and
April 1997 are consistent with those resulting from similar ob-
servations of this comet obtained between February and June
1997 (Fink et al. 1999).
3.3. Colour determination
The coma of comet 81P/Wild 2 was slightly redder than the
Sun. Table 5 lists the measured colour indices and the red-
dening (in % per 1000 Å) derived from the spectra and the
images. The colour indices were averaged over the innermost
10 000 km of the coma to avoid effects of the sky back-
ground. For the spectra the reddening was determined from
the clean continuum regions as well as from the regions cov-
ered by the respective broad-band filters (after convolution
of the spectrum with the filter) using R = Fcont(λ)/Fsun(λ)×
FV−band(sun)/FV−band(cont). For the images the fluxes in the B
and R filters were used. Assuming an error of 10% in our mea-
sured flux values and of 3% in the tabulated values for the Sun,
the values for the reddening show, within the margin of error,
no significant differences between the spectra and the images.
The (V − R) colour indices do not differ much over the entire
Table 4. The slopes of the straight lines fitted to the profiles of Fig. 4.
Date R V B
11.09.1996 −1.85 - -
11.12.1996 −1.37 −1.34 -
02.04.1997 −1.20 −1.14 − − 1.12
31.03.1998 −1.37 −1.45 −1.43
data set, however, the (B − V) value of 1997 indicates a signif-
icantly bluer coma than in 1998. This is a direct result of the
gaseous emission present in 1997. The rather weak C2 emission
bands are covered by both, the broad-band R and the broad-
band V filters (see Table 2) whereas the C3 and CN emissions,
in particular the strong CN (0-0) band, contribute only to the
broad-band B filter.
Comet 81P/Wild 2 had a uniform colour over the entire
coma that could be investigated up to where the signal hit the
sky background. Radial colour profiles, which could be anal-
ysed up to a radius of about 13 000 km, showed a constant value
as a function of nucleus distance. Colour index images com-
puted from the original frames do not show any distinct fea-
tures. This means that there is no obvious difference between
the material composing the structures and that of the general
coma.
3.4. Af ρ
Since the R band-pass is roughly centered at λ ≈ 6400 Å, with
an equivalent width of WR ≈ 1450 Å, it should be least affected
by possibly present gaseous emission, as the next strongest
bands (i.e. those of C3 & C2) are located in the blue to green
spectral range (see Fig. 5). In order to compute Afρ values from
the magnitude calibrated R data, the values had to be converted
to fluxes via the constants provided by Bessell et al. (1998).
The also necessary solar flux values were computed by fold-
ing the solar spectrum as given by Colina et al. (1996) with the
transmission curves of the actually used filters. Table 6 shows
the Afρ values computed from the azimutally averaged coma
profiles in the R filter (aperture radius: 10 000 km). They are
in excellent agreement with those derived from the spectro-
scopic observations for the two nights both types of obser-
vations exist (see Table 7). The Afρ values indicate that the
increase in dust production is much stronger during the pre-
perihelion phase than its postperihelion decrease.
3.5. Spectra
After the basic reduction steps described in Sect. 2, the two
spectra were analysed and searched for emission features. Both
spectra are depicted in Fig. 5. Figure 6 shows them before con-
tinuum subtraction. The signal-to-noise ratio of the spectrum
taken on March 31, 1998, is rather low, owing to the large
distance of Comet 81P/Wild 2 at that time. Hence, no emis-
sion features are detectable. The spectrum of April 3, 1997,
however, clearly shows emission bands of CN (λ ≈ 3870 Å),
C3 (λ ≈ 4070 Å), C2 (λ ≈ 5100 Å) and NH2 (λ ≈ 5700 Å).
Their production rates were determined from the fluxes
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Fig. 4. Azimutally averaged broad-band surface brightness, µ, reduced to a geocentric distance of 1 AU, as a function of apparent nucleus
distance, ρ. The dashed line indicates the result of a double logarithmic fit of: flux vs. ρ−β. The columns show the profiles in R, V and B (from
left to right).
integrated over the slit length corresponding to the entire de-
tectable coma. For the continuum subtraction a reddened so-
lar spectrum (Colina et al. 1996) was fitted to the data. For
CN, C3, and C2 the fluxes were converted into column den-
sities using the fluorescence efficiencies applied by A’Hearn
et al. (1995), taking into account the dependences on heliocen-
tric distance and radial velocitiy in the case of CN (Schleicher
1983). For NH2 the g-factors published by Tegler & Wyckoff
(1989) divided by a factor of 2 to account for the odd-even ef-
fect (Arpigny 1995) were used. These values vary from those
determined by Kawakita et al. (2001) by a factor of 1.09 (April
1997) and 1.06 (March 1998). The production rates and upper
limits given in Table 7 were calculated with the Vectorial model
(Festou 1981) and the lifetimes given by Schulz et al. (1994;
1998). The parent velocity was varied as 0.85 km s−1 × r−0.5
(Cochran & Barker 1986) while the daughter velocity was ar-
bitrarily set to 1 km s−1. The Afρ values in Table 7 were de-
rived from the spectra by extracting a spatial profile of the flux
emitted in the wavelength range 6400 Å < λ < 6800 Å and
computing Afρ according to A’Hearn et al. (1984). The effec-
tive aperture radius was 10 000 km. The solar flux in the quoted
wavelength range (needed to compute values for Afρ) was taken
from Colina et al. (1996).
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Table 5. Colour indices and the reddening of Comet 81P/Wild 2. Redima: reddening derived from images. Redspec+fil: reddening derived from
spectra convolved with respective filter curves. Redspec: reddening derived from regions of clean continuum in the spectra.
Date (B − V) (V − R) Redima Redspec+fil Redspec
Mag. Mag. % /1000 Å % /1000 Å % /1000 Å
11.12.1996 0.47 ± 0.02 9.1
02.04.1997 0.74 ± 0.01 0.51 ± 0.01 13.1 ± 3.0 12.0 ± 8.1 6.2 ± 5.0
31.03.1998 0.85 ± 0.03 0.57 ± 0.07 17.2 ± 2.0 52 ± 50 42 ± 35
Sun 0.649 0.37
Fig. 5. Spectra of Comet 81P/Wild 2. A reddened solar analogue spec-
trum was subtracted from the data. Note the different exponent η in the
flux units enhancing the flux scale in the 1998 spectrum by a factor of
100 with respect to the 1997 spectrum.
Table 6. Afρ values (aperture radius 104 km) obtained from broad
band R images of Comet 81P/Wild 2.
Date Afρ
cm
11.09.1996 206 ± 26
11.12.1996 347 ± 28
02.04.1997 507 ± 21
31.03.1998 406 ± 77
Table 7 also lists the photometric fluxes measured in
the 4′′ by 2′′slit, as production rates are strongly model-
dependent. It is well known that the use of different models
(Vectorial versus Haser Model in most cases) and different life-
times/scalelengths leads to systematic, model dependent differ-
ences between the resulting production rates. We have com-
pared our values of 3 April 1997 with those obtained for 2
April 1997 by Fink et al. (1999) who determined production
rates of CN, C2, and NH2 from different emission bands (CN:
9100 Å, C2: 5520 Å, NH2: 6335 Å) and using the Haser model
Fig. 6. Same as Fig. 5 only before continuum subtraction.
Table 7. Production rates, Q, and fluxes in Comet 81P/Wild 2.
Q 03.04.1997 31.03.1998
1024 s−1
QCN 16.07 ± 0.33 <0.30
QC3 0.233 ± 0.008 <0.014
QC2 8.19 ± 0.19 <0.78
QNH2 8.36 ± 0.22 <0.40
A fρ (cm) 486 ± 26 407 ± 44
Flux∗ 03.04.1997 31.03.1998
10−16 erg cm−2 s−1
CN 12392 <19.8




with considerably different scalelengths. Both data sets show
large differences, particularly in the CN and the NH2 produc-
tion rate for which Fink et al. (1999) determined values that are
higher by factors of ∼2.5, and ∼5, respectively. The obvious
disagreement of the NH2 production rate might be the due to
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the fact that our NH2 production rate was determined from the
0,10,0 emission, whereas Fink et al. (1999) used the 0,8,0 NH2
emission for their production rate determination which is
blended with the forbidden oxygen line at 6300 Å. In any case,
it is evident that one has to be extremely careful when trying to
classify comets according to their production rate ratios on the
basis of just one set of data. Nevertheless, in spite of the large
differences, both data sets confirm the depleted abundance of
C2 with regard to CN observed during previous apparitions
(e.g. Osip et al. 1992; A’Hearn et al. 1995).
4. Summary and conclusions
The monitoring of the coma morphology of comet 81P/Wild 2
in three broad-band filters (B, V , R) revealed the presence of fan
structures which were observable while the comet moved along
its preperihelion orbit. The fans were clearly detected between
heliocentric distances of r = 2.1 AU (Dec. 1996) to r = 1.6 AU
(Apr. 1997), but are indicated already in a low signal-to-noise
image obtained at r = 2.6 AU. The projected position of the
fans appears to be rather stationary during that time period al-
though the position angle of the Sun changed by about 180◦
between 1996 and 1997. No indication of distinct coma fea-
tures was found in the only postperihelion observations taken
r = 3.2 AU. However, as the comet was very far from the
Sun, the signal-to-noise of these observations was too low to
firmly conclude from non-detection on the non-presence of fea-
tures. The fly-by of the S spacecraft will take place at
r = 1.86 AU postperihelion, which is about 5 months after the
comet is at r = 1.6 AU preperihelion, the distance at which two
fans were clearly detected during its 1997 apparition. Hence, it
is not unlikely that the comet will exhibit similar structures at
the time of the S encounter.
The analysis of the radial distribution of the coma bright-
ness and its evolution as a function of distance to the Sun
showed no surprising results. The shape of the coma profiles
is consistent with what is expected by the fountain model. The
evolution of the dust production along the orbit seen in the Afρ
values determined in broad-band R indicates that the postper-
ihelion decrease of the dust production is shallower than the
preperihelion increase. From the avaliable data, we estimate
that the Afρ value at the time of the Stardust encounter should
be close to the value at r = 1.6 AU preperihelion.
The compositional analysis of 81P/Wild 2 confirmed the
depleted abundance of C2 with regard to CN in this comet. The
comparison of our production rates with those of Fink et al.
(1999) demonstrated once again how crucial it is to critically
review and discuss production rate values that were derived in
different ways before drawing conclusions on trends or trying
to classify a comet on the basis of production rate ratios.
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